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THE APPLILATILJN OF DOE-2 IN TH[ PRE13ESIGN
PIIASE OF COf@4ERCIAL-BUILDlh3 DESIGN*

J. L. Peterson
B. D. Hunn

Los Alamos Natfonal Laboratory
Los Alamos, NM 87545

ABSTRPCT—-——

This paper presents the results of a study
in applying a high-level, computer-dynamic
tool , DOE-2, to the predesign process for a
standard test office building. This study
was part of a larger study funricd by DOE
wherein five analysis tools, ranging frcxn
manual to computer-dynamic nmthorts, were
used to prnvidc predesign energy informa-
tion. lhr purpose was to trst whcthrr
cmnputcr-fiynamic tools, sucn as WE-2 atlfi
BLAST, can readily prnviric the nrces.sary
Frcdcsi qn information in d usahlr visual
format and without c~cosslvr cost.

1. INII:ODUC:ION

Huilriinqs in thf. cunrmr( ial scrtnr crf thr
Ilni tcd $[d tll> d, (_(lUIIhd for nearly 14? of
!hc total pr imar
States in lq77, f

Cnorqy USC! hy the Unit(,ri
Forrcas ts lnrlicbtc thdt

nru cowmwrclal spacr will hr constru(.tsvl at
such J rapid ratr rfur!ng the nrxt 7(1 yrars
that nearly ‘,31 of the r.xwncr[ ial building
stock Standinq \n thr yrar ?000 will hd~~

hron b~ilt dfrcr IWM). Thus, thr pntontidl
nf \aving significant unrrgy In nrw cofmrmr-
( ial huildinqs cnnftruttod throughout thr
rrst or tht? century ~)rtrnds a con~frirf,!l)lo
npportunitv.

Unfortuna!-ly. thrrc is suhttdntifll rvi-
rfrntr of fnllurr in tho profr{fiorral rtr%l-n
(.onmunity to dr~fgn huilritnqz thdt [Onfrrw

rnorgy at rctst-rffrctivc Irvrl$. A major
prob!rm Iict in thr prolr(t hy wh~(h
t Cmmwr, idl h~ilrtfnqt arr do{f!]nrd. I rd
rtitlor,dlly. thr prim drslqn drtrrminant<
IIf form, funtt ion, lost, and timr hfivr not
hrrn rnnstrdlnrd hy onrrqy [nn[rrn{. Inrrqy
must hr tonsl(irrt~d a! a rtr~iqn rivtrrm!nant
In T!lP ,,arli@<! Slaqc{ of [hr Wc.iqn if thf,
potrnf idl uf h(ll to h$l rnrrqy savfno{ notrrl
III a frw rmrn! do%fqn onprrirtl[rs arr tu hr
rral Ittd,

Another problem limitfng the successful
imple,~,., tation of cost-effective energy
conselv. !ion nwasures is the unavailability
of design tools that quickly, incxpcnsivcly,
and effectively conmnicate the encrgv pFoh-
lems dnd potrmtials of large, crvrrplcx build-
ings. Although many energy analysis tech-
niques, such as moriificd degree-day and bin
procedures and graphical nwthods, hdvc hccn
developed for comncrcitsl buildings,7 most
are Sui ted to smaller structures with
thcrml loads that depend largely on the
d! ffcrrncr hctwcon indoor and outdoor dry-
hulh temperature. Dthor mctho(ls , such as
ccanprrhrnsivc huilriing energy dnalysis
computer prorydm%, arc nmrc appropriate for
thr riivcrs~ drchitcctural , energy, and
nprrdtirmal characteristics of larqr
(rnmftc-( ial huilfiingsi 00F-? is an raamplr
uf su(.n a computor program.

l! is wirtrly held that high-lr~ol olllllufllr
rtynanric (hnur-hy -hour) compu f~r pr lqr.wn’.
such d% Ml-? dnd IIIAST ~annn[ rrartil , 11”’11
Vlrtr no{,rl(,ri prod~{iqn inforn,,bt m in J
usahlr Vi$Udl format and without PXIOr”.IVIJ
rn<t, To trs! this tinn,lrrturr. n <?llrly wdc
funrtcd hy nor whcrrin five analy’ I\ tn(llf.
ranqinq from Nnudl nwthnrf; tn (nm~itos..

riynami( mrthort$, wrro used to pruvi, pru

rfvs i qn Infnrmatinn fnr a Stdnftdrrl t(’\t
builffinq, This ~yp~r prm<r.,!s tho rli<ult<

an(i rxprrirnc~t of tho au(hnr{ in u~fnq
IXil 7. nrw of thr fivv tnol~ studlcd,

7, APPRrIAf N

fl{ trr~/r thr onrr[ly” rfivrr~ity ill 8[IUAI

~ltll .. Hllrt Wll,. ,!111)1 (II IJIj 1,,, flIII 11,’, [It,l,,illfw,rlf Ilf I ni,r(ly, of f II 1- of ‘. II I!l!’ III-,1! IV( 11111,1111111,..
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A single-story office buildin
in Pft sburgh, Pennsylvania was selecte !
with zoning as shown in Fig. 1. The speci-
fic. ,ion of input is presented in Table I.

Although 00E-2 has been crltfcfzed as re-
qui,ing a large amount of input data, the
information provided in Table I was suffi-
cient to run the program and to proouce the
required output. Uith the exception of the
assumptions listed in Table 1, all of’ the
input data dre directly derivable from
either the building architectural program
or site conditions. ‘fhe program war.
allowed to default all other input A
listing of the input is found in Ref. 3.

2.2 Output Orsired in the PredesQn Phase..——. —..——

rhe prlmar~j focus of the study was the
development of a sufficient set of output
that was su~~~rtive of the prcdcsign prc-
Ckss . Oecislons made during the prcdcsign
phase are critical to the develcpnwnt of
design concepts that arc accoptahlc in terms
Jf architecture, enerqv technology, and
economics. Furthrrmorr, mlstakct made i r,

thfs process can bc avoided by providing
the dcsignrr with sufficient information in
a visual formut that would oduratr his/h(#r
i,ltuition in chnract~,rizing cnrrqy LISP. Thr
qu~stinns nmst lfkrly to ho a{klld in tho
prodr;i gn pha$(, drr

● h?lat is ?hc nmjor rn(lrqy prf~hlom of
th~ thr huild;ng>

● ~dt falters contrihutl’ ?0 this
prohlrm~

( OHI

c Given these contributing factors,
what design strategies are indicated
for an energy-cfficisnt design?

● IJhat are the operating costs of the
btiilding?

The project participants found that these
questions could bs answered by providing
information to the rles!gner in the format
shown in Figs. 2-5.

3. RESU1 TS—— .—

The annual energy consumed and the costs of
the fuel consumed by the primary systcm
equipment in the sample test building are
show in Fig. 7. The loads shown are the
thermal loads met at the HVA~ system heating
and cooling coils or domestic hot water
lodds that are imposed on thr donwstic hot
whter boiler. In addition, the electricity
Supp’iud to office equi$uncnt constitutes the
electric load shown for miscellaneous
equipment. [ncrgy loads, consumptic- and
cost arr brokrn down by rnd USC. Note that
heating is the mjor enrrgy prnhlcm for this
sample building.

Figure 3 pros~nts enerqv demand and Psso-
Ciatcd demand cost information, tiich, When
coupled with the infornutfon shown in Fig.
?, dellnes the operating cost of thr hulld-
Ing, Amnual fkrmnd is calculated hy auer-
ag!ng thr monthly prak building cl~rtric
lorId5 thdt occur durlnq tho yt!ar. whrrms.
thr peak load f$ thv- largv_-t coincidmt

N
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SHPLE PROBLEM INPUT

Location: Pittsbu,:,i~, Pennsylvdnla; Test Reference Year (TRY) hour-by-hour weather data
was used by the canprehensive enerqy analysis computer programs.

Site: Flat and not =haded
Building Type: me-story office building
Bu+lding Area: 10,000 ftz
Building Orientation: East-west axis
tkcupancy: Office Area Conference Area

200 l’t7/persoll 30 ft2/persnn
8 a.m. - 5 p.m. 10 a.m. - 3 p.m.
Fbnd{ly-Friday Medncsday

Sensible heat gain = 250 11*’lih-person
Latent heat gain = 200 Btu/h-person
Ventilation: 7-1/2 CFM in occupied office area

15 CFM in occupied conference area
Infiltration: 1/4 air-change/h in occupied perimeter drcd

h iofi tration in the core area
Lighting: b1.0 watttft occupied

0.1 wdtt/ft7 unoccupied
[quipmwlt: 0.1 watt/ft7 in rIcc,Ipirri office arm
Interior Fnvironmrnt: OCcqiq Unoccqied.- .-

Heating M-r $\’”r

Cooling 7fl”F
W.F

Mot Mater: 1 qdllnn/day.prrson
$0 F inlet and 120”F outlet

Fuel Rates: Oil heat at S1.?5/gallon
[Icctricfty at 4C/kkh anri \?.fl~/kU/mnfl, drnund

Assumptions:
Iiuilrlinq ronffguratlon: WI Ffg.1.
mass: 4-in concrrtr sia’) floor, fully rarpotorl

4-in strrl stud framing with gypsum hoard
Munq coilinq with I)u!lt-un roof

Hljll\:P-14
Ron f : P-l\:

Win&w dtcd 501 nf non-attic wall<
ffoublr pm,- qldss
shadinq cnoffitirnt - (1.$H

Skyllqht area 51 nf r
-Il. (),/() Rtu/ftr:.Ta

shad, ng corff~( iorf [1. !t?
soldr a!~sc, rptan Lr , (),$

snlar absnrntancr - 0.)

.loolfng m’ - 1.() ———— — ,. _ _____ . . ._ . __ ____

llll’lrl~nti,ht:lt~[f~.lt load O( urlnq durlnq thr
vrar. I (nftl ar(, th~ ~,nrlu.tl

Irnt dinter, \l’’”lfl l,, \llm.1”, ,111!1 fill 1 \rCl
Illlllty ~ons , l“r%pol !Ivrlv: () ..lnfl II \lll,( lfv I ht.

fhdrqr{ rot” (,10[ t!1( (krlmllllt. hulldlnq n,, hoinq mtupivd nr un,u~llpirtl.
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can ~no~dtr dll of thr r@qUfrOd datd. ~
rfotdilcfi rxpldndt inn of h~ CdLh of thr>c
fiqurrs 1s tlov~,lopcri using thr IXI[.7 stdnrl.
drd dntl hourl~ output r(,l)nrt< i; prnvirtrd
in Rrf. 3.

4. ASStSSMFNl Of 111! APPi!rAl{Il ITV (11
M!r-?.l Til Ylff PrtL!r<Tr,liPRM!YS
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fluzIIs th~t occur in a real huilrtinq with
tiar, nq spll[P temprratur( , thry cl~ nn t
nr(,, qqarily in flucr cnrrqy consumption. Fvon
if prrfisc ctmnpnnont cnrrqy flu~v$ wrrr
Lal Illrltrrf, onrrgy f(, nsumptinn Wr)ul d not
w-f ,,s\arily !1(, inrfut rfl in prnpnrtinn to

thl,\P fiuxo%. Thi\ i< part i[uldrly truo
~~n >Pafr t(Tllp@rJturrf flnat within tho
Itvnfihand of thr Chrrnmftdl. In othrr words,
onorgy (nn,, un), tion in ((~rL!dl hull rfinqq
ih rdrlly ~lrr( Ily proportional to bull rtinq
Ir)dfi. fonsoqurntlv, thr rr~llts lmo~rntrd
in }i!l. 4 aro qualftdfivr juftqonmnfc nf
lauw suppnrtrd hy an irnprrfrc! qudnt ita-
tlvr dnl.lvsl$.

A tntal of flvr [)017 (Imywtrr run~. in-
( Illlfinq twn runs slmuldtinq typi(al -rfay
iIIwl fl,r fhr fu{lr wd<nn’i ‘,hmm In I“iq. ~.
wrrc rrqulrod to dovrlop thl, output supper
till!) thr prodrfiqn prncr~t in thl< $tudv.
No( ,111<11 md( h nf thr~. r run~ fs Ilullt nn a
,Immll innut data ho~r. siwlif~fan! {avinns

~ CONCLUSIONS

The results of the predesign analysis study
reported here cllspel the myth that 00E-? re-
quires a large annunt of detailed input and,
therefore, does not lend itself to the pre-
desiqn pr6cess. Furthermore, 00E-? is shown
to he capable of generating the data re-
quired to answer the fundamental questions
of the predesign energy analysis process.
However, multiple runs were required and the
graphical wtput had to be developed by
hand.

A major effort to reconstruct the 00E-?
program to calculate building thermal loa[~s
with variable interior air temperature has
been proposed. Howmfer, this capability
would do little to improve the program’s
ability to identify the causes of the energy
problem, Thq results of thfs study have
shcwn thdt sufficient quantitative capabil-
ity is cllrrcntly available in the program
to make reasonahie judgcm-nts of cause.

Tho usc of 00F-2 in tho predcsign process
fnvolbos ahmt 5 days of the professional
services o? an energy analyst skilled in the
u$( of ~.ho program. The rowrnitment of this
cffnrt in the predrsign phase of a ccmner-
clal huilr!inq firsian se,,m~ a small prico to
pdy for irton’tifying a cost-rffrctivt, energy
stratrqy. Nowcvrr, thr rlirnt must value
tho pntcntial hcncfits dnri ho prcparrd to
pdy thr fro.
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